Sphingosine 1-phosphate cross-activates the Smad signaling cascade and mimics transforming growth factor-beta-induced cell responses.
Exposure of renal mesangial cells to sphingosine 1-phosphate (S1P) leads to a rapid and transient activation of the mitogen- and stress-activated protein kinases but also the protein kinase B. Here, we show that S1P also induces phosphorylation of Smad proteins, which are members of the transforming growth factor-beta (TGF-beta) signaling device. However, Smad phosphorylation occurred more slowly with a maximal effect after 20-30 min of S1P stimulation when compared with the rapid activation of the MAPKs. Interestingly, Smad phosphorylation is increased by pertussis toxin, which is in contrast to the complete inhibition of S1P-induced MAPK phosphorylation by pertussis toxin. TGF-beta is a potent anti-inflammatory cytokine, which in mesangial cells attenuates the expression of (i) inducible nitricoxide synthase (iNOS) caused by interleukin (IL)-1beta, (ii) secreted phospholipase A(2) (sPLA(2)), and (iii) matrix metalloproteinase-9 (MMP-9). These gene products are also down-regulated by S1P in a concentration-dependent manner. Furthermore, the expression of connective tissue growth factor is enhanced by both TGF-beta(2) and S1P. These effects of S1P are not mediated by the MAPK cascade as neither pertussis toxin nor the MAPK cascade inhibitor U0126 are able to reverse this inhibition. Overexpression of the inhibitory Smad-7 or down-regulation of co-Smad-4 lead to a reversal of the blocking effect of S1P on IL-1beta-induced NO release. Moreover, down-regulating the TGF-beta receptor type II by the siRNA technique or antagonizing the S1P(3) receptor subtype with suramin abrogates S1P-stimulated Smad phosphorylation. In summary, our data show that S1P trans-activates the TGF-beta receptor and triggers activation of Smads followed by activation of connective tissue growth factor gene transcription and inhibition of IL-1beta-induced expression of iNOS, sPLA(2), and MMP-9.